The impact of the HCV genotype 1b core amino acid (aa) 70 mutant on the cumulative rate of hepatocellular carcinoma following eradication of HCV RNA by antiviral therapy was investigated with the Q-Invader assay. Multivariate analysis based on 649 patients indicated that a core aa70 Q-Invader mutant level >20% is a predictor of hepatocellular carcinoma. P revious reports indicated that amino acid (aa) substitutions at position 70 in the hepatitis C virus (HCV) core region in patients infected with HCV genotype 1b (HCV-1b) are pretreatment predictors of poor virological response to antiviral therapy (1, 2) and also affect hepatocarcinogenesis, regardless of treatment response (3-7). In particular, hepatocellular carcinoma (HCC) still occurs even after eradication of HCV RNA by antiviral therapy (8-12), and substitutions of aa70 at the start of antiviral therapy also affect hepatocarcinogenesis following eradication of HCV RNA (13).
The impact of the HCV genotype 1b core amino acid (aa) 70 mutant on the cumulative rate of hepatocellular carcinoma following eradication of HCV RNA by antiviral therapy was investigated with the Q-Invader assay. Multivariate analysis based on 649 patients indicated that a core aa70 Q-Invader mutant level >20% is a predictor of hepatocellular carcinoma. P revious reports indicated that amino acid (aa) substitutions at position 70 in the hepatitis C virus (HCV) core region in patients infected with HCV genotype 1b (HCV-1b) are pretreatment predictors of poor virological response to antiviral therapy (1, 2) and also affect hepatocarcinogenesis, regardless of treatment response (3-7). In particular, hepatocellular carcinoma (HCC) still occurs even after eradication of HCV RNA by antiviral therapy (8) (9) (10) (11) (12) , and substitutions of aa70 at the start of antiviral therapy also affect hepatocarcinogenesis following eradication of HCV RNA (13) .
Recently, Tadokoro et al. (14) reported the results of a comparative quantitative analysis of aa70 substitution in the HCV-1b core region by the real-time PCR monitoring Invader reaction (Q-Invader assay; BML, Inc., Saitama, Japan). This highly sensitive assay (based on the Q-Invader technology using mutant-specific primers) was developed to determine the relative ratio of the aa70 mutant (glutamine/histidine) to the aa70 wild-type (arginine) virus. The assay in that study (14) detected a minor type plasmid that constituted only 1% of a mixture of plasmids containing wild-type and mutant sequences. In this study, we evaluated the associations between core aa70 Q-Invader mutant levels at the start of antiviral therapy and HCC following eradication of HCV RNA. Among 5,023 consecutive patients infected with HCV in whom antiviral therapy (interferon monotherapy, interferon plus ribavirin combination therapy, or triple therapy of NS3/4A protease inhibitor plus peginterferon plus ribavirin) was initiated between February 1987 and June 2013 at Toranomon Hospital, 2,121 patients infected with a single genotype of HCV-1b, -2a, or -2b were selected for this retrospective study. All patients achieved sustained virological response, defined as negative HCV RNA at 24 weeks after cessation of antiviral therapy, based on HCV RNA qualitative analysis (Amplicor; Roche Diagnostics, Manheim, Germany) or by the Cobas TaqMan HCV test (Roche Diagnostics, Tokyo, Japan), and they were free of HCC before and during interferon therapy. The cumulative rate of HCC was calculated using the Kaplan-Meier technique; differences between the HCC rate curves were tested using the log-rank test. The period between the end of antiviral therapy and the diagnosis of HCC was used for group-based statistical analysis of HCC. Stepwise Cox regression analysis (multivariate analysis) was used to determine independent factors associated with HCC. This study protocol was in compliance with the Good Clinical Practice guidelines and the 1975 Declaration of Helsinki, and it was approved by the institutional review board at Toranomon Hospital.
During the follow-up of 2,121 patients, 43 patients (2.0%) developed HCC. The median interval between the end of antiviral therapy and detection of HCC was 2.4 years (range, 0.0 to 15.9 years). The cumulative HCC rates were 3.1%, 4.9%, 7.3%, and 11.1% at the end of 5, 10, 15, and 20 years, respectively, from the end of antiviral therapy.
The levels of core aa70 mutant could be quantitated in 649 patients with HCV-1b. Figure 1 shows the cumulative HCC rates for three HCV subgroups, including two HCV genotypes, and the level of HCV-1b core aa70 Q-Invader mutant. The HCC rates were significantly different among the three HCV subgroups (P Ͻ 0.001). In particular, the HCC rate for HCV-1b with levels of aa70 mutant Ն20% was significantly higher than for HCV-1b with levels of aa70 mutant Ͻ20% (P ϭ 0.005) and HCV-2a/2b (P Ͻ 0.001), but the rate for HCV-1b with levels of aa70 mutant Ͻ20% was not significantly higher than that for HCV-2a/2b (P ϭ 0.178).
The data of 649 patients with HCV-1b in whom the level of core aa70 mutant was quantitated by Q-Invader assay were analyzed to determine those factors that could predict HCC. Univariate analysis showed a significant correlation between eight parameters and HCC at the start of antiviral therapy; these parameters were age (Ն51 years; P Ͻ 0.001), gender (male; P ϭ 0.002), aspartate aminotransferase (AST) (Ն50 IU/liter; P ϭ 0.014), platelet count (Ͻ15.0 ϫ 10 4 /mm 3 ; P ϭ 0.019), AST-toplatelet ratio index (APRI) (Ն1.5; P ϭ 0.003), high-density lipo-protein cholesterol (Ͻ50 mg/dl; P ϭ 0.012), triglycerides (Ն151 mg/dl; P ϭ 0.021), and level of core aa70 Q-Invader mutant (Ն20%; P ϭ 0.005). All eight factors were entered into multivariate analysis, which identified three parameters that significantly and independently influenced the HCC rate; age (Ն51 years; P ϭ 0.007), AST (Ն50 IU/liter; P ϭ 0.022), and level of core aa70 Q-Invader mutant (Ն20%; P ϭ 0.026) ( Table 1) .
This study is the first report to indicate the associations between the level of core aa70 mutant (Ն20%) at the start of antiviral therapy and the HCC rate following eradication of HCV RNA, suggesting the oncogenic potential of the mutant irrespective of persistence of HCV RNA. Kobayashi et al. (15) indicated that the core aa70 mutation was associated with severe liver disease accompanied by high AST and ␥-glutamyl transpeptidase levels as well as by the development of HCC. Furthermore, Miura et al. (16) recently showed that the core aa70 mixture ratio, determined by deep sequencing, reflected the status of liver disease and demonstrated a significant association between core aa70 and disease progression in patients infected with HCV-1b. These findings suggest that high levels of the core aa70 mutant could be a useful marker for the high oncogenic potential of HCV-1b in patients with chronic liver disease. The present study showed that platelet count and APRI (i.e., markers of fibrosis stage) did not have significant associations with the core aa70 mutant level, though the fibrosis stage could not be evaluated by liver biopsy samples (data not shown).
The number of HCV-1 patients who achieve sustained virological response by interferon-free regimens, such as direct-acting antiviral agents, is expected to increase in the future (17) (18) (19) (20) (21) . However, the reported HCC annual rate after eradication of HCV RNA by antiviral therapy is Յ1% (9, 12, 13) . Based on the results of the present study, we recommend measurement of the core aa70 mutant level of HCV-1b before the start of antiviral therapy for eradication of HCV RNA. In particular, even after achievement of sustained virological response by patients with high levels of core aa70 mutant (Ն20%), blood tests and imaging studies should be conducted at regular intervals for early detection of HCC. Further studies are needed to investigate the effect of any interaction between viral factor (core aa70 mutant) and various host factors (e.g., status of underlying liver disease) on the oncogenic potential of such a mutant on the development of HCC following eradication of HCV RNA.
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FIG 1
Cumulative HCC rate for patients with two different levels of HCV-1b core aa70 Q-Invader mutant (Ն20% and Ͻ20%) and those infected with HCV-2a/2b genotype. The HCC rates were significantly different among the three HCV subgroups (log-rank test; P Ͻ 0.001). 
